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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a solder alloy in which cracking is less prone to be generated even 
in the case of being used for the part applied with thennal stress in an electronic apparatus so as to be 
applied with a temperature cycle, where cracking progresses in the solder joint part by thermal stress as the 
lapse of a long time, and, finall, its conduction is made inferior. 

SOLUTION: This solder alloy excellent in fatigue resistance is obtained by adding, by mass, 0.5 to 3.0% 
Ag. 0.001 to 0.3% Zn. moreover, 0.1 to 2% Sb. further, 0.05 to 0.5% Cu and/or 0.001 to 0.02% Ni to solder 
having an Sn-Pb eutectic composition of 60 to 70% Sn. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The pewter alloy characterized by consisting of 60 to Sn70 mass %, 0.5 to Ag3.0 mass %, 0.001 to ZnO.3 
mass %, the remainder Pb, and an unescapable impurity. 

[Claim 2] The pewter alloy further characterized by including SbO.l - 2 mass % at the presentation of a pewter alloy 
according to claim 1. 

[Claim 3] The pewter alloy further characterized by including 0.05 to CuO.5 mass %, and/or nickelO.OOl - 0.02 mass % 
at the presentation of a pewter alloy according to claim 1 or 2. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a pewter alloy. Furthermore, it is related with the pewter alloy suitable 
for the minute soldered joint section of the electronic parts used in the environment where the metal fatigue tends to 
happen by carrying out the load of the repeated stress, such as a temperature cycle, about the pev^er ball alloy for BGA 
used for a detail in case CPU and electronic parts are mounted in a printed-circuit board. 
[0002] 

[Description of the Prior Art] In case electronic parts are mounted in a printed-circuit board etc., generally the pewter 
alloy of the Sn-Pb eutectic circumference (Sn63'Pb37) is used widely, and the same pewter component is mainly used 
also in the pewter ball for BGA (Ball Grid Array) which is increasing rapidly these days. In the printed circuit board 
included in electronic equipment, and the integrated-circuit-device substrate for which BGA is used, it is put to the 
bottom of the thermal shock cycle environment where heating coohng is repeated, in connection with ON/OFF of the 
equipment SUWITCHI concemed. 

[0003] If the soldered joint section is put to the bottom of a thermal shock cycle environment, thermal stress will arise 
according to the coefficient-of-thermal-expansion difference of electronic parts and a printed circuit board. In minute 
pewter ball connection of the flip chip bonding which attaches especially an integrated circuit chip in a direct substrate, 
in order to connect a mounting printed-circuit board etc. with Si chip type element with a direct pewter ball, it is very 
large, KURRAKKU occurs in the pewter of the flip-chip-bonding section according to very big thermal stress 
generating, and the coefficient-of-thermal-expansion difference of a silicon chip and a printed-circuit board resuUs in 
destruction. As compared with the jointed member of others [ reinforcement / of a joint pewter ingredient ], since it is 
weak in material strength, this is because thermal stress concentrates on a joint. 

[0004] It corresponds to the part to which the soldered joint section tends to be conventionally destroyed by thermal 
stress by mounting gestalt design which a component lead is incurvated and eases thermal stress with components, or 
the correspondence of joint pewters which enlarges the electrode pad of a joint, i.e., the amount, was increased, and a 
cure, such as raising joint reinforcement as a result, has been made. 

[0005] However, since a surface mount and BGA mounting progress in a notebook computer, a video camera, a 
cellular phone, etc. and contraction of substrate electrode pad area is progressing rapidly especially with high-density- 
assembly-izing of electronic parts in recent years, it is in the situation that the amount of pewters like a joint must be 
few-quantified. That is, the reinforcement of a soldered joint part is falling. Moreover, by high density assembly, since 
high efficiency and a miniaturization progressed, carrying-ization of a signal transduction device also progressed 
quickly. In addition, the device concemed in the bottom of arctic [ of the desert of the red heat which an economic 
activity field came to attain to the earth scale, and did not consider conventionally, either, or polar zone high ground ] 
etc. is used. Under such a situation, the pewter packaging design in consideration of the soldered joint section being put 
to the bottom of a still severer environment is called for, therefore the demand of fatigue-resistant improvement is 
increasing to the high intensity-ized list to a pewter ingredient further. To a demand into the above-mentioned pewter 
ingredient, improvement in on the strength of a pewter ingredient has been achieved by adding the third element into a 
Sn-Pb system alloy conventionally etc. 

[0006] As what added the third element into the Sn-Pb system alloy, by JP,1-127192,A or JP, I -123 7095, A, Sb, In, Ag, 
Cu, Te, nickel, etc. are added, and fatigue resistance is raised. In addition, although various pev^er alloys are proposed, 
it is tried for those many to raise the reinforcement of an alloy, creep resistance, and fatigue resistance by adding the 
third element to a Sn-Pb system alloy by depositing an intermetallic compound in the grain boundary of Sn phase imder 
pewter organization and Pb phase, controlling coarse- grain-ization of crystal grain with this compound, or making it 
function as a pin site of pinning which controls plastic deformation. 
[0007] 

[Problem(s) to be Solved by the Invention] Fatigue breaking of a pewter is produced when the thermal stress in a 



connectipa concentrates on a pewter ingredient. That is, a connection has only the reinforcement holding elastic 
deformabihty and connection, absorbs thermal stress, and is easing the stress by which a load is carried out from a 
wired member. When the intermetallic compound which has a weak hard property is made to exist more than a constant 
rate, the spread nature of a pewter is checked and the stress relaxation of a connection is made to decline, although 
grain boundary sliding and a certain amount of effectiveness to control of destructive crack progress are under a pewter 
organization and in the grain boundary when an intermetallic compound is distributed and deposited. It is this typical 
example, and what little Ag was added [ what ] as the third element into the Sn-Pb system alloy as a typical thing of the 
conventional fatigue-proof pewter, and raised fatigue resistance deposits an Ag3Sn intermetallic compound, controls 
grain boundary sliding, and is raising fatigue resistance. However, although reinforcement goes up about 20% as 
compared with a Sn-Pb system alloy eutectic presentation (Sn63-Pb37) when little Ag is added as the third element into 
a Sn-Pb system alloy, stretch decreases about 20% conversely and synthetic fatigue-resistant improvement cost is not 
so large. That is, a Sn-Pb system pewter alloy with which the pewter excellent in the fatigue-proof needed with the 
pewter ball alloy for BGA used in case CPU and electronic parts are mounted in a printed-circuit board is a pewter 
alloy which combines the reinforcement for holding mounting components with the spread nature for easing thermal 
stress etc., and it is satisfied of such [ conventionally ] reinforcement and spread nature was not found out. 
[0008] 

[Means for Solving the Problem] A header and this invention completed for as for the reinforcement which was the 
weak spot of the pewter alloy this invention persons added little Ag as the third element into the conventional Sn-Pb 
system alloy, and raised fatigue resistance, the alloy which carried out simultaneous adding of Zn and Ag to the Sn-Pb 
system alloy raising fatigue resistance, as a result of searching for the means which tackles wholeheartedly an 
improvement of the point whose stretch is lost and raises the fatigue-proof property of a pewter alloy, although it went 
up. 

[0009] This invention 60 to Sn70 mass %, 0.5 to AgB.O mass %, 0.001 to ZnO.3 mass %, It is the pewter alloy 
characterized by consisting of the remainder Pb and an unescapable impurity. Or 60 to Sn70 mass %, 0.5 to Ag3.0 
mass %, 0.001 to ZnO.3 mass %, It is the pewter alloy characterized by consisting of 0.1 to Sb2 mass %, the remainder 
Pb, and an unescapable impurity. Furthermore, 60 to Sn70 mass %, 0.5 to Ag3.0 mass %, 0.001 to ZnO.3 mass %, and 
SbO.l - 2 mass %, It is the pewter alloy characterized by consisting of 0.05 to CuO.5 mass % and/or 0.001 to nickel0.02 
mass %, the remainder Pb, and an imescapable impurity. 
[0010] 

[Embodiment of the Invention] The pewter alloy of this invention is carried out in view of the lack of spread nature 
inversely proportional to the improvement in on the strength which was the weak spot of the fatigue-proof pewter of a 
type conventionally which deposits an intermetallic compound all over pewter solidification structure. That is, it is the 
pewter alloy which was excellent in the fatigue resistance which has the Sn-Pb system alloy eutectic presentation 
average or the plasticity beyond it in the spread nature for having sufficient reinforcement needed in order to hold 
mounting components with still a small amount of [ the pewter alloy itself] pewter, and easing thermal stress etc., 
without an intermetallic compound depositing too much all over solidification structure by the soUd state by fusing to 
homogeneity in the state of a liquid. 

[001 1] The description of this invention, and the alloy which carried out simultaneous adding of Zn and Ag to the Sn- 
Pb system alloy, ** which the alloy which carried out simultaneous adding of Zn, Ag, and the Sb to Sn-Pb system 
alloy, or a Sn-Pb system alloy understands from the alloy which carried out simultaneous adding of Zn, Ag, Sb, and the 
Cu - Uke By adding Zn of a minute amount with Ag, reinforcement is raised without spoiling the spread nature which 
ran short conventionally, and it is in the point which is raising fatigue resistance synthetically. The reason for having 
specified the pewter alloy-content presentation in this invention is explained below. 

[0012] Sn takes the eutectic temperature (183 degrees C) to which the melting point becomes the lowest in the eutectic 
point (Sn63 mass %), when it alloys with Pb. In order to consider as the component suitable for the junction in the 
pewter ball for BGA used in case CPU and electronic parts are mounted in a printed-circuit board, it is necessary to 
make the pewter alloy of this invention into 60 to Sn70 mass %. 

[0013] Ag has the effectiveness which carries out the detailed deposit of the intermetalUc compounds, such as Ag3Sn, 
in the grain boundary etc. at the time of pewter coagulation, controls grain boundary slipping etc., and controls fatigue- 
breaking progress, when it adds into a Sn-Pb pewter alloy. It does not see, and liquidus-line temperature rises in the 
addition more than 3 mass %, and an improvement remarkable in fatigue resistance stops being suitable for the pewter 
for BGA used in case CPU and electronic parts are mounted in a printed-circuit board in the addition smaller than 0.5 
mass % in a Sn-Pb pewter alloy. 

[0014] Although reinforcement and the pewter which has both of plasticity do not become above-mentioned Sn-Pb 
with the pewter alloy which added Ag, it can consider as the pewter which has both properties by carrying out 
simultaneous adding of the Zn to this. 

[0015] Although Zn was used as the harmful element since it was generally finished in the fluid fall of a pewter, or 



formation of an oxide film and injured the appearance, different behavior was found out in compound addition with Ag. 
That is, although Zn does not dissolve to Pb, but dissolves to Sn phase and raises mechanical strength by detailed-izing 
and solid solution strengthening of crystal grain in a Sn-Pb pewter alloy, it has the effectiveness of becoming the 
deposit nucleus of the Ag-Sn intermetallic compoimd described above to coincidence, canying out the distributed 
deposit of this intermetallic compound, and improving the ductihty of a pewter alloy, i.e., fatigue resistance. If the 
effectiveness does not show up in an addition smaller than 0.001 mass % but Zn adds Zn more than 0.3 mass % on the 
other hand, the fluidity of a pewter will fall and soldering nature will be checked. Therefore, the amount of Zn of this 
invention is 0.001 to 0.3 mass %. Furthermore, soldering nature is not checked, but simultaneous adding is carried out 
to Ag, and the desirable amount of Zn is 0.002 to 0.05 mass % by ductility improvement. 

[0016] When Sb is further added to the above-mentioned alloy presentation, there is effectiveness in a low-temperature 
fracture toughness improvement etc. at mechanical characteristic improvement lists, such as tensile strength, but if an 
amount increases, the wettability of a pewter will worsen. If an improvement of as opposed to [ when Sb has few 
additions in a Sn-Pb pewter alloy than 0.1 mass % ] a mechanical characteristic and low-temperature fracture toughness 
is no longer accepted and it becomes an addition more than 2 mass % on the other hand, wettability will worsen and 
soldering nature will be checked. 

[0017] In this invention, when it is able to ask for the further improvement in the components maintenance 
reinforcement in the soldered joint section, or creep resistance, Cu and nickel may be added that it is simultaneous or 
separately. 

[001 8] Under the present circumstances, Cu makes a crystal detailed in a Sn-Pb pewter alloy, and raises a mechanical 
strength. However, the melting point will become high if Cu is superfluously added into a Sn-Pb pewter alloy. Cu does 
not have effectiveness in a mechanical-strength improvement and a fatigue-resistant improvement into a Sn-Pb pewter 
alloy at an addition smaller than 0.05 mass %, and stops being suitable for the pewter for BGA used in case liquidus- 
line temperature rises rapidly and mounts CPU and electronic parts in a printed-circuit board, if Cu more than 0.5 mass 
% is added on the other hand. 

[0019] Moreover, in that case, nickel dissolves in Pb in a Sn-Pb pewter alloy, and raises a mechanical strength. 
However, addition since the soUd-solution limit to Pb of nickel is about 0.02 mass % in ordinary temperature, a Sn- 
nickel intermetalUc compound deposits if nickel is superfluously added exceeding a solid-solution limit, and the spread 
nature of an alloy is spoiled 0.001 - 0.02 mass % is suitable for the amount of nickel. 

[0020] A property is not affected even if other components which are specified by Class A of JIS-Z3282, less than 
[ Bi:0.05 ], less than [ Fe:0.03 ], less than [ aluminum:0.005 ], less than [ As:0.03 ], less than [ Cd:0.005 ], etc. mix as 
an unescapable element into the pewter alloy of this invention. It does not interfere, even if it contains, if it is the 
amount of extent in which no elements other than this also influence the property which the alloy of this invention has. 
[0021] Although the pewter alloy of this invention has added the high-meUing metal, liquidus-line temperature is 
almost the same as a Sn-Pb eutectic pewter, and is the pewter alloy which it is not only suitable for the pewter for BGA 
used in case CPU and electronic parts are mounted in a printed-circuit board, but was excellent in the mechanical 
strength and fatigue resistance which can respond to all soldering of DIP soldering, reflow soldering, ** attachment, 
etc, 

[0022] In addition, the pewter ball which has the pewter alloy content of this invention is the gestalt of desirable 
operation as a minute pewter ball used for BGA etc. 

[0023] 

[Example] The pewter alloy shown in Table 1 was produced. Si chip and the substrate which are shown below about 
each were soldered, and what carried out flip chip bonding of it was used as the test piece. The trial performed the 
temperature cycle spalling test and fatigue resistance was evaluated from the rate of fracture of the soldered joint 
section after 400 cycles (64 points). This assesment method is the very severe fatigue characterization technique 
suitable for carrying out flip chip bonding of what used the evaluation pewter alloy as the phi300micrometer ball, 
evaluating it to a member with a big coefficient of thermal expansion called Si chip and a glass epoxy resin substrate, 
and evaluating the fatigue property of a minute amoimt pewter alloy. 
[0024] 
[Table 1] 
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[0025] On Si chip, about a phi200micrometer electrode land, around, Si chips are 64 arrangement and pitch spacing is 

0.3mm. The printed circuit board was a glass epoxy resin substrate of one side wiring, has been arranged like Si chip 

and carried out flip chip bonding of them with the phiSOOmicrometer ball of this invention pewter alloy. 

[0026] Temperature cycle conditions are -40 degrees C (30 minutes) - +125 degrees C (30 minutes). 

[0027] The rate of fracture of a joint was indicated to Table 1 as an evaluation result, the example of this invention all 

had the alike and small rate of fracture compared with the conventional pewter alloy, and Table 1 showed excelling in 

fatigue resistance. 

[0028] 

[Effect of the Invention] As explained above, since especially the pewter alloy of this invention is excellent in the 
reinforcement and spread nature of the pewter itself, it not only excels in fatigue resistance, but it fits especially the 
pewter for BGA used in case CPU and electronic parts are mounted in a printed-circuit board. Furthermore, liquidus- 
line temperature is almost the same as a Sn-Pb eutectic pewter, and it has many descriptions that correspondence in all 
the existing soldering, such as DIP soldering, refiow soldering, and ** attachment, is possible. 



[Translation done.] 



